In our continuing research on biologically active sphingolipids from echinoderms, a series of studies on the isolation and structure elucidation of biologically active glycosphingolipids have been performed in our laboratory. [1] [2] [3] [4] [5] [6] In a study of the sphingolipids of the feather star Comanthus japonica (Nipponumishida in Japanese), we reported the isolation and structure of inositolphosphoceramide 7) and glycosyl inositolphosphoceramide-type gangliosides 8) from the polar lipid fraction of the chloroform/methanol extract of C. japonica. Continuing the preceding studies, the isolation and characterization of sphingolipids from the less polar lipid fraction was conducted. In this paper, we report the isolation and characterization of ceramides and glucocerebrosides from the whole bodies of C. japonica.
In our continuing research on biologically active sphingolipids from echinoderms, a series of studies on the isolation and structure elucidation of biologically active glycosphingolipids have been performed in our laboratory. [1] [2] [3] [4] [5] [6] In a study of the sphingolipids of the feather star Comanthus japonica (Nipponumishida in Japanese), we reported the isolation and structure of inositolphosphoceramide 7) and glycosyl inositolphosphoceramide-type gangliosides 8) from the polar lipid fraction of the chloroform/methanol extract of C. japonica. Continuing the preceding studies, the isolation and characterization of sphingolipids from the less polar lipid fraction was conducted. In this paper, we report the isolation and characterization of ceramides and glucocerebrosides from the whole bodies of C. japonica.
The less polar lipid fraction, which was obtained from the chloroform/methanol extract of the whole bodies of C. japonica, was subjected to repeated column chromatography to give a ceramide and a cerebroside molecular species, designated as JC and JCer, each showing a single spot on silica gel thin-layer chromatography (TLC).
JC exhibited strong hydroxy and amide absorptions in its IR spectrum and a series of quasi-molecular ion peaks due to [MϪH] Ϫ in its negative ion FAB mass spectrum. In its 13 C-NMR spectra (Fig. 1, Table 1 ), JC revealed the characteristic signals of a sphingosine-type ceramide possessing a non-hydroxylated fatty acid. Therefore, JC is suggested to be the molecular species of the typical type of ceramide. The structure of JC shown in Fig. 1 was characterized by comparison of its 13 C-NMR spectral data with that of known ceramides 9, 10) hitherto reported, and by means of the results of methanolysis followed by GC-MS analysis of the methanolysis products, fatty acid methyl ester (FAM) and long-chain base (LCB), as shown in Fig. 1 and the Experimental section.
Based on the considerable interest and importance in determining the molecular species composition of sphingolipids, isolation and structure elucidation of ceramide components in the molecular species JC was conducted. JC could be separated by reversed-phase HPLC into ten peaks, and could be recovered to give ten fractions, 1-10. They behaved as pure compounds in HPLC, however, fractions 1, 2, 3, 6, 7 and 8 were regarded as still heterogeneous compounds, respectively, since they afforded plural molecular ion peaks in their negative ion FAB mass specra. Fractions 6 and 8, the major fractions in the heterogeneous fractions, were successively separated by reversed-phase HPLC using another condition into two peaks, respectively, and could be recovered to three fractions, 6a, 8a and 8b, each showing a single molecular ion peak. When the seven fractions, 4, 5, 6a, 8a, 8b, 9 and 10, believed to be pure substances, were methanolyzed and the FAM obtained from each fraction were analyzed by GC-MS, a single FAM was detected from five fractions (4, 5, 8b, 9, 10) and two kinds of FAM were obtained from the other two fractions. Thus, five homogeneous components, designated as JC-1-JC-5, could be obtained from the parent ceramide mixture, JC.
In the negative FAB mass spectrum, single quasi-molecular ion peaks [MϪH] Ϫ were observed at m/z: 562 (JC-1, JC-2), 592 (JC-3), 606 (JC-4), 620 (JC-5). They were confirmed as being the ceramide component of JC since their 13 C-NMR spectra are identical to that of JC in the core moiety (Table 1) .
Upon methanolysis, they yielded methyl octadecanoate (JC-1, JC-2), methyl docosanoate (JC-3), methyl tricosanoate (JC-4), methyl tetracosanoate (JC-5), and therefore their LCB moieties are regarded as being 2-amino-1,3-dihydroxyoctadecadiene (JC-1, JC-2), 2-amino-1,3-dihydroxy-4-hexadecene (JC-3, JC-4, JC-5) by determining their molecular masses and fatty acid components. This evidence is supported by the fact that these LCB have been detected in the LCB mixture obtained from the parent ceramide, JC.
In the 13 C-NMR spectrum of JC-1, signals due to two methyl groups were observed at d: 14.4 and 19.7 in addition to that of a terminal one at d: 14.0 due to a normal type of side chain, which suggests the existence of a branched side chain residue in the fatty acyl or long-chain base moiety. The structure of the side chain moiety is suggested to be a 1-methylbutyl group by the fact that the 13 C-NMR chemical shift values due to the branched side chain moiety of JC-1 are in good agreement with those of a known cerebroside 11) possessing a 1-methylbutyl moiety as shown in Fig. 2 . Furthermore, the existence of the branched side chain moiety in the fatty acyl part was verified by the fact that FAM (C18) from JC-1 revealed a different retention time from methyl stearate (C18) in GC-MS analysis using different conditions from those hitherto mentioned (see Experimental).
The location and geometry of the double bond in the LCB moiety of JC-1 and JC-2 were determined as follows.
The mass spectra of the dimethyl disulfide (DMDS) derivatives 12, 13) of JC-1 and JC-2 show remarkable fragment-ion peaks at m/z: 187 due to cleavage of the bond between the carbons bearing the methylthio groups (Fig. 3) . These data indicate that the double bond in the LCB moieties of JC-1 and JC-2 are both located at C-8. Furthermore, the geometry (E) of the double bonds of both compounds were determined from the d values (32.3 in JC-1, 32.6 in JC-2) of the allylic carbon atoms obtained from their 1 H-detected heteronuclear multiple-bond connectivity (HMBC) spectra, since allylic carbon signals of Z-and E-isomers are observed at d ca. 26-27 and d ca. 31-32, respectively. 14) On the basis of the above data, the relative structures of JC-1-JC-5 are proposed to be the sphingosine-type ceramides as shown in Fig. 1 . Furthermore, the optical rotations of JC-2, JC-3, JC-4, and JC-5 (Ϫ8.8 to Ϫ2.4) and the synthetic (2S,3R,4E)-2-(hecadecanoylamino)-1,3-dihydroxy-4-octadecene (Ϫ4.6) 9) suggested that JC-2-JC-5 have the same absolute configuration, D-erythro (2S,3R), as that of the synthetic one. The absolute stereochemistry of JC-1 including that of C-14Ј is still unknown because of a lack of a sample. Therefore, the structures of these ceramides are regarded as (2S*,3R*, 
a-c) Terminal methyl groups in the normal and 1-methylbutyl type of side chain (see Fig. 1 ). d, e) Assignments may be interchanged in each vertical column. f) 2C. 
In its IR spectrum, JCer exhibit strong hydroxy and amide absorptions. JCer reveal the characteristic signals of a sphingosine-type b-glucocerebroside possessing a 2-hydroxy fatty acid in its 13 C-NMR spectrum (Fig. 4 , Table 2 ). HPLC analysis of JCer suggested JCer was the molecular species of cerebroside since JCer showed eleven peaks in its reversed-phase HPLC.
Based on the idea mentioned above, preparative separation of the components in the molecular species JCer was conducted and eleven fractions, 1 to 11 could be recovered. They behaved as pure compounds in the reversed-phase HPLC, however, fractions other than 2, 5, 10 and 11 were regarded as still heterogeneous compounds since they afforded diverse quasi-molecular ion peaks [MϩNa] ϩ in their positive ion FAB mass spectra. Fractions 2, 5, 10 and 11 were successively methanolyzed with methanolic hydrochloric acid to yield a single FAM. Thus, four components, designated as JCer-1, JCer-2, JCer-4 and JCer-3, could be obtained in a pure state from the parent glucocerebroside mixture.
JCer-1, JCer-2 and JCer-3 revealed quasi-molecular ion peaks [MϩNa] ϩ at m/z: 764 (JCer-1), 792 (JCer-2), 822 (JCer-3), respectively, in their positive ion FAB mass spectra. They must be the glucocerebroside components of JCer since their 13 C-NMR spectra are identical to that of JCer, except for the signal due to an additional olefinic group in JCer-1 and JCer-2 ( Table 2) .
By taking the molecular masses of JCer-1 (741), JCer-2 (769), JCer-3 (799) and FAM of JCer-1 (methyl 2-hydroxyoctadecanoate), JCer-2 (methyl 2-hydroxydocosenoate), and JCer-3 (methyl 2-hydroxytetracosanoate) into account, their LCB components are regarded as 2-amino-1,3-dihydroxyoctadecadiene (JCer-1) and 2-amino-1,3-dihydroxy-4-hexadecene (JCer-2, JCer-3). The location and geometry of the double bonds in the LCB and fatty acyl moiety of JCer-1 and JCer-2 were determined in the same way as in the ceramides, JC-1 and JC-2. Namely, the mass spectra of the DMDS derivatives of JCer-1 and JCer-2 show remarkable fragmention peaks at m/z: 187 and 173, respectively, indicating that the double bonds in the LCB and fatty acyl moieties of JCer-1 and JCer-2 are located at C-8 and C-13Ј, respectively, as shown in Figs. 3 and 4 . The geometry of the double bonds was characterized as E (C-8) and Z (C-13Ј) from the d value (32.9 in JCer-1, 27.5 in JCer-2) of the allylic carbon atoms.
On the basis of the above evidence, the relative structures of JCer-1-JCer-3 are proposed to be the b-glucopyranosyl ceramides as shown in Fig. 4 . When the optical rotations of JCer-1, JCer-2 and JCer-3 (ϩ7.8, ϩ9.7, ϩ5.6) were compared with that of the asteriacerebroside A, 1-O-(b-D-glucopyranosyl)-(2S,3R,4E,13Z)-2-[(2R)-2-hydroxypentadecanoylamino]-1,3-dihydroxy-4,13-docosadiene, (ϩ8.5), 11) they were found to have the same absolute configuration as that of the known one. Accordingly, the structures of these glucocerebrosides are regarded as 
-O-(b-D-glucopyranosyl)-(2S,3R,4E)-2-[(2R,13Z)-2-hydroxy-13-docosenoylamino]-1,3-dihydroxy-4-hexadecene (JCer-2), 1-O-(b-D-glucopyranosyl)-(2S,3R,4E)-2-[(2R)-2-hydroxytetracosanoylamino]-1,3-dihydroxy-4-hexadecene (JCer-3).
On the other hand, JCer-4 revealed characteristic signals of a phytosphingosine-type b-glucocerebroside possessing an unsubstituted fatty acid in its 13 C-NMR spectrum (Table 2) , although JCer-4 obtained from its parent sphingosine-type glucocerebroside molecular species JCer. JCer-4 shows a quasi-molecular ion peak [MϩNa] ϩ at m/z: 824 in its positive ion FAB mass spectrum and afforded methyl tetracosanoate upon methanolysis, indicating its LCB component is 2 Of the five ceramides and four glucocerebrosides thus obtained in a pure state and characterized, JCer-1 was found to be identical with a glucocerebroside isolated from Arisaema amurense, which has been reported to display significant antihepatotoxic activity. 15) Although JC-2 and JCer-3 are known to be components of molecular species of a ceramide and glucocerebroside obtained from the soft coral Lobophytum species 16) and sea cucumber Holothuria coronopertusa, 17) respectively, we believe the present study is the first regarding the isolation of these sphingolipids.
JC-1, JC-3, JC-4, JC-5, JCer-2 and JCer-4 are, to the best of our knowledge, new ceramides and glucocerebrosides. Moreover, the fatty acyl moiety of JC-1 is unique in that it includes a 1-methylbutyl moiety, while the fatty acyl moiety of every sphingolipid of echinoderms belongs to the normal form. JCer-4 is also unique in that it is the first type of cerebroside from echinoderms composed of a phytosphingosine base and non-hydroxylated fatty acyl moiety. For studies of the cerebrosides so far obtained from the starfish and the sea cucumber in our laboratory, the reader is referred to our previous papers.
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Experimental
Melting points were determined on a micro melting point apparatus (Yanako MP-3) without correction. Optical rotations were measured with a Jasco Dip-307 digital polarimeter at 25°C. IR spectra were obtained on a Jasco FT/IR-410 infrared spectrophotometer. 1 H-and 13 C-NMR spectra were recorded on a Jeol GX-270 spectrometer (270, 67.8 MHz) or a Varian Unity-500 spectrometer (500, 125 MHz). FAB-MS spectra were acquired with a Jeol SX102A mass spectrometer [xenon atom beam; matrix, m-nitrobenzyl alcohol (positive ion), triethyleneglycol (negative ion)]. GC-MS were taken with a Shimadzu QP-1000 [EI mode; ionizing potential, 70 eV; separator and ion-source temperature 250°C; column (A), TC-1701 (0.53 mmϫ12 m, GL Science Inc.); column (B), 2% OV-17 (2.6 mmϫ1.1 m, Shimadzu); carrier gas, He]. HPLC was performed with PU-980 and RI-930 (Jasco) as a pump and an RI detector, respectively.
Separation of JC and JCer Refer to our previous paper 7) for the extraction and fractionation of the less polar lipid fraction from the whole bodies of the feather star Comanthus japonica (7.6 kg). The less polar lipid fraction, namely AcOEt/n-BuOH soluble fraction (164.6 g), was partitioned between n-hexane and MeOH to give a MeOH soluble fraction (74.6 g). The MeOH soluble portion (37.5 g) was chromatographed on silica gel (solvent CHCl 3 /MeOH, 98 : 2 to 9 : 1) to give five fractions. Successive column chromatography of fractions 2 and 3 (silica gel, solvent CHCl 3 /MeOH, Table 2 .
Methanolysis of JC JC (1 mg) was heated with 5% HCl in MeOH (1 ml) at 70°C for 2 h. The reaction mixture was then extracted with n-hexane, and the extract was concentrated in vacuo to yield a mixture of FAM. The MeOH layer was concentrated in vacuo to give a mixture of LCB. Table 1 .
GC-MS Analysis of FAM from JC
Methanolysis of JC-1-JC-5
In the same manner as described for JC, JC-1-JC-5 were methanolyzed and the reaction mixtures were worked up to give the FAM of each compound. Each FAM was subjected to GC-MS under the same conditions as described for the FAMs from JC, and methyl octadecanoate (from JC-1, JC-2), methyl docosanoate (from JC-3), methyl tricosanoate (from JC-4), methyl tetracosanoate (from JC-5) were detected. DMDS Derivatives of JC-1 and JC-2 0.3 mg each of JC-1 and JC-2 was dissolved in carbon disulfide (0.2 ml) and dimethyl disulfide (DMDS, 0.2 ml) and iodine (1 mg) were added to the solution. The resulting mixture was kept at 60°C for 40 h in a small-volume sealed vial. The reaction was subsequently quenched with aqueous Na 2 S 2 O 3 (5%), and the mixture was extracted with n-hexane (0.3 ml). The extract was concentrated and the residue (DMDS derivative) was analyzed by EIMS [Shimadzu QP-1000 (direct injection)]: DMDS derivative of JC-1, m/z: 187; DMDS derivative of JC-2, m/z: 187 (see Fig. 3 13 C-NMR: see Table 2 .
GC-MS Analysis of FAM from JC-1 Using Another Condition
Methanolysis of JCer-1-JCer-4 One milligram each of JCer-1, JCer-2, JCer-3 and JCer-4, respectively, was heated with 5% HCl in MeOH (1 ml) at 80°C for 10 h. The reaction mixture was then extracted with n-hexane, and the extract was concentrated in vacuo to yield the FAM of each compound. Fig. 3 ).
GC-MS
